assigned risk factors for lymphoceles reported before did not differ between both cohorts; patients experiencing acute rejection episodes had even less symptomatic lymphoceles (n = 23). Conclusion: We found a possible relationship between the administration of MMF and lymphocele formation. To avoid the hazard of reinterventions, the prolongation of hospitalization and impairment of graft function, it requires awareness and attention in patients treated with this immunosuppressant.
Introduction
Modern immunosuppressive combinations allow 1-year graft survival coming close to 100 percent with extraordinarily low rejection rates after kidney transplantation [1] . However, also the newer immunosuppressive agents like sirolimus, everolimus and both mycophenol acid derivates are not free from partly disabling side effects [2] . Wound healing disorders as well as lymphoceles have been reported as potentially serious postoperative problems in up to 20% of all kidney transplant (KTx) recipients [3] . Wound healing disorders predispose for infectious complications in the most vulnerable period with relatively high immunosuppression [4] . Lymphoceles can lead to obstruction of the graft ureter as well as the graft vasculature and therefore to acute and chronic functional impairment [5] . In addition, even a distinct fluid accumulation near to the wound predisposes for secondary infection [6] .
Humar et al. [7] disclosed a trend for an increasing rate of wound complications with contemporary immunosuppressive treatment. In our own transplant population we also had the impression that the incidence of this type of postoperative complications increased over the past years. Therefore, this retrospective analysis was done to investigate if a modern immunosuppressive triple therapy based on cyclosporine A (CsA) and mycophenolate mofetil (MMF) together with steroids differs from our previous regimen with CsA, azathioprine (AZA) and steroids in respect to wound complications during the perioperative period until 6 months after transplantation. Multivariate analysis was conducted to search for other potential causes for this type of postoperative disorders.
Patients and Methods

Patient Selection
In this single-center retrospective analysis we compared two cohorts of 77 patients each transplanted between May 1990 and May 2003 who received either maintenance immunosuppressive treatment with CsA and prednisolone and either mycophenolate mofetil (MMF group) or azathioprine (AZA group). Patients in the AZA cohort were transplanted in the era between 1990 and 2001, MMF patients received their graft between 1995 and 2003. The principal inclusion criterion for this evaluation was a technically successful kidney transplantation with graft survival for at least 6 months. Patients who received both living-related and living-unrelated grafts were included. Both cohorts were followed up for 6 months after KTx. The groups differed in the time point of transplantation: more AZA patients were transplanted in the years before 1997, more MMF patients thereafter. Patients were matched for sex, age, concomitant immunosuppressive therapy and extrapolated prednisolone dosages.
Endpoints and Definitions
Endpoints of this analysis were the incidence of wound healing difficulties, lymphoceles and the need for surgical reintervention. Wounds were inspected daily by experienced nurses until discharge, thereafter in case of delayed wound closure or infection at least every other day in the outpatient department. Ultrasound examination was done daily until postoperative day 7 (PO-d7), thereafter every other day until week 3 and then weekly until the end of month 2 or out of schedule in case of any abnormalities. All ultrasound results were done or confirmed by one experienced ultrasound examiner (K.L.). Two ultrasound machines were used (Siemens Sonoline Elegra until 1995, Siemens Sonoline Versa Pro thereafter; Siemens AG, Erlangen, Germany).
We defined 'wound healing difficulty' as every wound not healing primarily or wounds with nonadapted wound edges after removal of suture material or wounds with prolonged fluid drainage, local infection or apparent cellulitis. We defined 'lymphocele' as any distinct fluid collection around the graft, as 'symptomatic lymphocele' fluid collections causing compression of the graft ureter or the graft or iliac vessels, thrombosis of graft vessels or iliac vessels, abdominal pain or discomfort or transplant malfunction not being explained by other causes.
Immunosuppression
Induction therapy with the interleukin-2 receptor antagonist basiliximab was administered to 5.1% in the AZA group and 53.2% in the MMF group. All patients thereafter received triple maintenance immunosuppression. Standard treatment consisted of CsA and steroids together with a proliferation blocking agent AZA or MMF. The initial dose of steroids consisted of 250 mg methylprednisolone, tapered to 10 mg of prednisolone after 3 months and 5 mg after 6 months. CsA dosages were tapered according to C 0 levels (CsA: 150-250 ng/ml in months 1-3, thereafter 120-200 ng/ml). In cases of presumed or biopsy-proven rejection, bolus therapy with methylprednisolone (3 ! 250 mg for 3 days followed by 3 ! 125 mg for 3 days) was administered. In some cases patients received polyclonal or monoclonal antibodies for antirejection therapy ( table 1 ) .
Clinical and Laboratory Data
All patients gave written informed consent for the evaluation of their records. Data handling was conducted in accordance with the Helsinki Declaration of the World Medical Association. Patient's complete hospital and outpatient records were reviewed. As baseline characteristics were recorded age, sex, date of transplant, cause of end-stage renal disease, dialysis modality and time on dialysis and history of diabetes. During the observation period of 6 months we assessed graft function expressed as serum creatinine, dosages of the different immunosuppressive agents, body weight and BMI in bimonthly intervals. Immunosuppression was recorded at every specific time point as CsA trough level and actual steroid dose in mg/kg ! day. CsA-C2 levels have not been determined. Furthermore, the incidences of post-transplant diabetes, wound healing difficulties, lymphoceles and the type of treatment as well as acute rejections were recorded. The study was approved by the local institutional review board.
Statistics
For statistical analysis, the Statistical Package for Social Sciences (SPSS for Windows V15.0; SPSS GmbH, Munich, Germany) was used. Quantitative data were expressed as mean 8 SEM. In a first step all variables were tested for normal distribution with the Kolmogorov-Smirnov test. Non-normally distributed variables were compared with the Mann-Whitney U test, normally distributed variables with the paired and unpaired Student's t test. Thereafter, we performed multiple univariate and multivariate logistic regression analyses for variables considered most likely linked to the predefined endpoints. These were recipient age at transplant, gender, diabetes status before KTx, BMI before KTx, post-transplant diabetes mellitus (PTDM), induction therapy, acute rejection prevalence, serum creatinine at different observation points and therapy with MMF versus AZA. p ! 0.05 was considered statistically significant.
Results
Baseline Parameters
The two groups showed no statistical differences concerning gender distribution, dialysis modality, duration of dialysis treatment before transplantation, mode of transplantation and graft number. There was a nonsignificant trend for older recipient age combined with longer dialysis vintage in the MMF group, most likely a result of a later transplant era of this group. A detailed description of the baseline parameters of both cohorts is presented in table 1 .
Maintenance Immunosuppression
Both study groups received a triple maintenance therapy based on CsA. There was a trend for higher CsA trough levels in the MMF group without significant differences ( table 2 ) . C2 levels or AUCs were not measured routinely. Steroid dosages were comparable between both groups. Our immunosuppressive regimen aimed for 1 mg/kg ! day AZA or a fixed dose of 2,000 mg MMF/ day, respectively, in order to achieve a sufficient inhibition of lymphocyte proliferation. However, neither AZA nor MMF were dosed as aimed for. Full-dose MMF was given in only 66.8% of all patients at month 2, in 64.9% of all patients at month 4 and in 55.8% of all patients at month 6. This was in nearly all cases due to side effects, especially gastrointestinal complaints or, less often, mar ked myelosuppression. MMF trough levels were determined at that time; however, we could not demonstrate any statistical relationship of drug levels with side effects (data not shown).
Wound Complications and Fluid Collections
Wound infections and local healing difficulties were observed more often in the AZA group (n = 13, 17% vs. n = 8, 10% in the MMF group, p = 0.24), however these outcomes were not significantly different. Six episodes in the AZA group as well as six in the MMF group could be handled conservatively, in 7 (AZA) compared to 2 cases (MMF) surgical interventions had to be performed (p = 0.09). None of the patients needed more than one intervention for definite wound closure.
Fluid collections around the graft were demonstrated sonographically in 46 patients receiving MMF (60%) versus 31 patients receiving AZA (40%); this difference was significantly different (p = 0.016). Effusions were first detected 18 8 3 days (AZA) versus 17 8 5 days (MMF) after KTx. Before the detection of any effusion, drains have been in situ for 8 8 2 days (AZA) and 8 8 3 days (MMF), respectively. Symptomatic lymphoceles, most of them leading to abdominal discomfort or being located near the graft vessels, were observed in 15 MMF patients versus 8 AZA patients (19 vs Table 1 . Baseline characteristics of the patients patient in the AZA group had to be drained twice) and 8 (MMF) versus 0 (AZA) sclerotherapies. In 1 or 2 patients operative intervention (in all cases a laparoscopic lymphocele fenestration with intraperitoneal drainage) had to be performed. None of these interventions were distributed differently between the groups. We did not observe any secondary complications of lymphocele treatment, no graft was lost due to the fluid collection or the performed interventions.
Altogether, 7 experienced urological surgeons were responsible for the 154 transplantations. Table 3 shows the results of each surgeon concerning every distinct endpoint. Surgeons differed in the number of transplantations performed and by the rates of complications but we could not detect any significant differences using 2 testing.
Graft Function, Diabetes and Other Risk Factors for Wound Complications
Graft function measured as serum creatinine over time was not significantly different between both groups as summarized in table 4 . Body mass index (BMI) measured before transplantation was comparable between the groups. Both patient groups showed an increase in body weight of about 4% during the first 6 months after transplantation; however, neither body weight at the different time points nor the changes in body weight in the groups differed. Furthermore, incidences of diabetes mellitus before as well as after transplantation (posttransplant diabetes mellitus; PTDM) as classical risk factors for wound complications were comparable.
We conducted a series of univariate and multivariate log regression analyses concerning incidences of the primary endpoints total lymphoceles, symptomatic lymphoceles and wound infections. Lymphoceles in general were observed more often in patients receiving MMF than AZA; this was also strongly significant in the multivariate analysis. We saw a trend for lymphoceles depending on serum creatinine levels at all time points; however, this effect disappeared in multivariate testing ( table 5 ) . Considering only symptomatic lymphoceles, the negative effect of MMF was no longer statistically significant, but a rather strong effect of acute rejection episodes was found; patients without acute rejections tend to have more symptomatic lymphoceles than patients with an episode ( table 6 ). We could not demonstrate any effect of the tested variables on wound infections in multivariate testing; the significant univariate dependency on age disappeared in the multivariate scenario ( table 7 ) . 
Discussion
Postoperative surgical complications after kidney transplantation have been considerably reduced in the last years due to improvements in surgical technique and immunosuppressive therapy [2] . However, these complications still remain a cause of significant morbidity, prolonged hospital stays, readmissions and increased costs of the transplant procedure [8] . Symptomatic lymphoceles are the most common fluid accumulations following kidney transplantation and are seen in 0.5-22% of transplanted patients [9] . More than 95% of them appear in the first 6 months after KTx. Reasons for their appearance are seen in the incomplete ligation of lymphatic vessels at the hilus of the graft and around the iliac vessels of the recipient. As potential risk factors, retransplantations, acute rejection episodes, acute tubular necrosis, high steroid doses and former graft biopsies are considered [10] . Fluid accumulations can cause harm by graft displacement and compression of the ureter, the bladder or the graft vessels with consequent graft dysfunction and by the compression of the iliac vessels with the possibility of leg edema or even deep venous thrombosis [9] . Wound complications can be categorized as dehiscences, seromas and other fluid collections as well as superficial and deep infections [2] . Risk factors for wound complications include obesity, older age, diabetes mellitus, alcohol and nicotine abuse, malnutrition and immunosuppressive agents [11] . In the last decade an array of new immunosuppressive drugs received approval for maintenance immunosuppression after kidney transplantation. Some of these newer substances provoke distinctive side effects not seen on the conservative regimens used before. This was especially true for sirolimus, the mTOR inhibitor, which led to a considerable rise in wound healing problems and lymphocele formation [20] . Another of these newer substances is mycophenolate mofetil, marketed in the EU since 1995. MMF is known to be a potent immunosuppressive agent [12] with the potential to improve long-term patient and graft survival [13, 14] . MMF, a prodrug of mycophenolic acid (MPA), blocks the purine synthesis by inhibiting the rate limiting enzyme inosine monophosphate dehydrogenase (IMPDH). The result is an inhibition of B and T lymphocyte proliferation, a reduction of antibody synthesis and a decrease of the migration of inflammatory cells into tissues after antibody binding [15] . MPA leads to a five times more effective inhibition of IMPDH type II, which is mainly expressed in activated lymphocytes, but it also inhibits the type I isoform expressed in most other cell types [16] . This may also cause a dose-dependent inhibition of fibroblast proliferation, as has been shown in rat kidneys [17] , cultures of human Tenon cells of the eye [18] as well as in dermal fibroblast cultures [19] . A group from Heidelberg reported recently that MPA administration to cultured human fibroblasts resulted in a downregulation of cytoskeletal proteins, a rearrangement of the cytoskeleton and impaired migrational capacity. These results could also be replicated in skin biopsies of transplant patients [21] . Therefore, an impairment of healing processes, for example of separated tissues or disrupted lymphatic vessels, seems principally possible.
Also in our center we had the impression of increasing wound problems since the introduction of MMF in our routine regime. Therefore, we performed this retrospective analysis of two well-matched patient cohorts receiving either MMF or AZA together with CsA as maintenance immunosuppression in respect of impaired wound healing.
Studies on these types of side effects of MMF are relatively scarce in the literature. There is only one retrospective report addressing risk factors for wound infections with MMF. Humar et al. [7] evaluated data of more than 2,000 kidney recipients transplanted between 1984 and 1998. Wound infections were reported in only 97 of these patients (4.8%). The authors found that MMF application was one of the risk factors for wound infections (RR = 2.4) and hernias or dehiscences (RR = 3.5); other significant factors were obesity, diabetes, reoperations through the same wound and urine leakage. The group considered the higher immunosuppressive load (in comparison to AZA) as causal for this outcome. A second analysis was done by Kuppahally et al. [22] in heart-transplanted patients. This group retrospectively compared postsurgical wound complications in patients on irolimus versus MMF as first-line therapy. They found wound complications in 28% of all MMF-treated patients which was significantly less than in the comparator group. The authors could not demonstrate any other classical risk factor for wound problems in their population. Considering postsurgical wound infections, we cannot endorse these results in our KTx population. First of all we observed wound problems in about 14% of all cases, being slightly more frequent in patients treated with MMF. However, none of the potential risk factors considered to be crucial appeared to be influential in our analysis. From our data, we could not substantiate any influence of the intake of MMF on the occurrence of wound infections. Taking these reports together, incidence rates differed significantly between the publications, most likely due to diverse populations, eras and also differing definitions for this kind of complication in different centers and/or registries; therefore, a unified result cannot be extracted.
Regarding lymphatic fluid accumulations we found a different pattern. In our population we could demonstrate a significant increase in sonographically detectable lymphoceles in the group receiving MMF. The frequency of lymphoceles seems rather high in comparison to other sources, but contrary to other studies we counted every fluid collection irrespective of its clinical significance. There was also a trend for more symptomatic lymphoceles in need of more drainage procedures, sclerotherapies or reoperations in the MMF group. Fortunately, none of these symptomatic cases resulted in graft loss.
Patients with symptomatic lymphoceles had less episodes of acute rejections and therefore also less steroid pulses, but the cumulative steroid dose was comparable between the groups. This association remained significant even after adjustment for other risk factors; a reason for this discordance to other publications could not be detected.
Also other explanations for the increased incidence of lymphoceles remain speculative. We did not change or increase our in-and out-patient surveillance in the observation period, the diagnostic routine described in Patients and Methods was applied to every patient described in here. Therefore, an artificial increase in lymphocele frequency due to increased monitoring over time seems unlikely. Another reason for our finding could be a change in surgical procedure or the composition of the surgical teams; however, no alternations concerning both aspects were noted in the relevant era. Other classical risk factors for lymphocele formation despite acute rejections were not more frequent in the MMF group [10] . We did not observe significant differences in recipient risk factors such as age, obesity, diabetes before or after KTx or number of retransplants. We do not routinely collect information on acute tubular necrosis incidence, graft biopsy incidence, substance abuse or malnutrition; therefore, the attributable risk to these recipient factors could not be calculated. In multivariate analysis only MMF persisted as variable with increased hazard for lymphocele formation but not for symptomatic lymphoceles with the need for intervention.
There are several limitations to the present study. The study is retrospective in nature and even if significant, reporting bias is very much reduced by prospective data collection by only two responsible persons. Our findings nevertheless require confirmation in a prospective trial. Patient numbers are quite small. Readers must keep in mind that the results are also only representative for European or Caucasian populations. Both groups differed in the use of induction therapies; however, no increase in lymphoceles or wound healing difficulties due to anti-CD25 treatment was ever documented. Due to the otherwise homogeneous maintenance immunosuppression, we consider the different period of transplantation between the groups as not relevant.
Taking our observations together, we can show for the first time that MMF administration after kidney transplantation appears to result in more lymphoceles without an impairment of graft function or graft survival. Therefore, in case of early MMF administration post-transplantation potential risk factors for lymphocele formation should be avoided as far as possible, and meticulous preparation of the lymphatic vessels, in the hilus of the donor organ as well as around the recipient vessels, is imperative.
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